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PNEUMATICALLY OPERATED FORM KEYS AND METHOD FOR 
THERMOFORMING UNDERCUTS IN FOAM PARTS 

RELATED APPLICATIONS 

This application is a continuation-in-part of United States Patent Application 
Serial No. 09/794,450 filed February 27, 2001 (47097-00020USD1), which is a divisional 
of United States Patent Application Serial No. 09/385,487 filed August 30, 1999 and 
entitled "Form Keys And Method For Thermoforming Undercuts In Foam Parts. " 

FIELD OF THE INVENTION 

The present invention relates generally to form keys and a method for using form 
keys for thermoforming undercuts in matched molded foam parts. More particularly, the 
invention relates to form keys for forming a reverse draft in thermoformed parts, and to a 
method for thermoforming undercuts in parts using matched metal molds and for stripping 
the part from the molds while maintaining the undercuts. 

BACKGROUND OF THE INVENTION 

Foam containers for restaurants, schools, hospitals and the like are typically 
formed by placing a foam sheet between a pair of molds and closing the molds to 
thermoform a part. If the part requires, for example, a lock for a hinged lid container, a 
reverse draft or undercut can be formed, but forming a reverse draft or undercut for a 
lock in the part, particularly foam parts, has been a problem. A reverse draft has been 
difficult to form in foam containers such as polystyrene foam containers due to an inability 
to strip the formed part from the tooling while maintaining the desired shape of the 
reverse draft. For this reason, a continuous thermoforming process for forming parts, 
with a reverse draft has not been possible. If this problem could be overcome, this would 
allow for different closure designs in parts, and the development of continuous 
thermoforming processes for forming foam parts. 
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SUMMARY OF THE INVENTION 

The present invention is directed to form keys for forming a reverse draft in a 
thermoformed part, for example, a polystyrene foam part such as a hinged lid container, 
and to a method for thermoforming a reverse draft or undercut in the part and stripping 
the part from a mold while maintaining the shape of a reverse draft or undercut. The form 
key is part of a mold used to thermoform foam parts. The mold includes two halves, a 
first half with a forming cavity and a second half with a forming plug. A male form key is 
reciprocally mounted in the first mold half and reciprocates into and out of the forming 
cavity in response to engagement with a first drive pin which is reciprocally mounted in 
the first mold half and moved by engagement with the second mold half. A female form 
key is rotatably mounted in the second mold half and is rotated between a first and a 
second position upon engagement with a second drive pin mounted on the first mold half. 

The method of thermoforming foam parts includes placing a foam sheet between a 
forming cavity mold and a forming plug mold each including the male form key or the 
female form key as described above. Prior to thermoforming, the male form key is biased 
to a retracted position out of a cavity and the female form key is biased to a non-engaging 
position. The forming cavity mold and forming plug mold are then brought together. As 
this occurs, the male form key and female mold key are moved into the foam sheet 
forming an undercut or reverse draft in a part formed from the foam sheet. The forming 
cavity mold and forming plug mold are then moved apart. As this occurs, the male form 
key and female form key are moved away from the formed part and the formed part can 
be stripped from the forming cavity and plug molds while maintaining the undercut. 

In another embodiment, the male and female form keys are attached to pistons that 
are fluid driven. Fluid flow to and from the pistons is controlled by valves actuated by a 
signal indicating opening or closing of the molds. 

Although the present invention is disclosed for matched metal molds and 
thermoforming foam parts, the invention is applicable to non-matched metal molds and 
forming parts from solid sheets. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will become apparent upon reading 
the following detailed descriptions and upon reference to the drawings in which: 

FIG. 1 is an enlarged cross sectional view of a thermoformed part including a 
reverse draft or undercut formed in accordance with the principles of the present 
invention; 

FIG. 2 is a cross sectional view of a mold in an open position and used to mold the 
formed part illustrated in FIG 1 ; 

FIG. 3 is an enlarged cross sectional view of a portion of the mold in the closed 
position showing the male and female form keys in positions engaging the foam part and 
forming a reverse draft or undercut; 

FIG. 4 is a view similar to FIG. 3 with the mold in the open position after the 
foam part has been thermoformed with a reverse draft or undercut; 

FIG. 5 is a cross sectional view of another embodiment of a mold in an open 
position; 

FIG. 6 is an enlarged cross sectional view of a portion of the mold illustrated in 
FIG. 5 showing the male and female form keys in positions engaging a foam part and 
forming a reverse draft or undercut; and 

FIG. 7 is a view similar to FIG. 6 with the mold in the open position after the 
foam part has been thermoformed with a reverse draft or undercut. 

DETADLED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 

Referring now to the drawings, a thermoformed part 10 with a reverse draft or 
undercut 12 formed in accordance with the principles of the present invention is illustrated 
in FIG. 1. The part 10 is of a foam material such as polystyrene foam formed using 
matched metal tooling. It should be recognized, however, that the principles of the 
present invention are also applicable to sheet material and non-matched metal tooling. In 
the embodiment illustrated, the part 10 is a lid or cover for a foam container that can be 
used by restaurants, schools, hospitals, hotels, food distributors, and the like for 
containing items such as food. The reverse draft or undercut 12 of this embodiment 
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serves as part of a locking structure to lock the part or cover 10 to another part, such as a 
tray, of a container. The ability to form the reverse draft or undercut 12 in foam products 
allows for different closure or locking designs and leak resistant foam containers. 

In the past, thermoforming a reverse draft or undercut with matched metal tooling 
has had the problem of an inability to strip a formed part, such as part 10, from the 
matched tooling while maintaining the shape of the reverse draft or undercut 12. The 
matched tooling or mold 14 shown in FIGS. 2-4 overcomes this problem. The mold 14 
includes a first mold half 16 defined by a forming cavity 18 that is attached to a top platen 
20. The forming cavity 18 defines a cavity 19. 

The mold 14 also includes a second mold half 22 defined by a forming plug 24 
attached to a bottom platen 26. The forming plug 24 defines a plug 27 of a 
complimentary configuration to the cavity 19. The undercut 12 is formed by male form 
keys 28 reciprocally mounted in the forming cavity 18 and female form keys 30 rotatably 
mounted in the forming plug 24. The male form keys 28 are located in a slot 32 in the 
forming cavity 18 and are biased by biasing elements such as springs 34 to a retracted 
position out of the cavity 19. A force to move the form keys 28 to a position extending 
into the cavity 19 is provided by first drive pins 36 each reciprocally mounted in the 
forming cavity 18 and biased to a first position (shown in FIGS. 2 and 4) by a biasing 
element such as a spring 38. The first drive pins 36 include a cut out 40 and an inclined 
ramp 42. In the neutral position of the first drive pins 36 (FIGS. 2 and 4), the male form 
keys 28 are in the slot 40 above the ramp 42. In this neutral position the male form keys 
28 are retracted out of the cavity 19 under the biasing force of the springs 34. The 
forming cavity 1 8 further includes second drive pins 44 that interact with the female form 
keys 30. 

The female form keys 30 each includes a stem 46 to which a biasing member such 
as a spring 48 is attached. The springs 48 bias each female form key 30 to a first, neutral 
position (FIGS. 2 and 4). Each female form key 30 also includes a pin engagement 
surface 50 and an undercut surface 52. 

To thermoform a foam part 1 0, a sheet of foam material 54 is positioned between 
the first mold half 16 and the second mold half 22 while the mold 14 is in the open 
position (FIG. 2). The thermoforming process is commenced by bringing the first mold 
half 16 and the second mold half 22 together (FIG. 3). As this occurs, the first drive pins 
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36 engage the second mold half 22 moving the first drive pins 36 upwardly causing the 
inclined ramp 42 to engage the male form keys 28. This engagement moves the male 
form keys 28 into the forming cavities 18 and into the sheet of foam material 54. At the 
same time, the second drive pins 44 engage the sheet of foam material 54 and the pin 
engagement surfaces 50 on the female form keys 30. This engagement rotates the female 
form keys 30 into engagement with the sheet of foam material 54 and the male form key 
28 forming the reverse draft or undercut 12 upon closure of the mold 14. 

Once the foam part 10 and the reverse draft or undercut 12 have been formed, the 
mold 14 is opened (FIG. 4). As this occurs, the drive pins 36 and 44 are moved out of 
engagement with the second mold half 22 and return to their neutral positions (FIG. 4). 
The male form keys 28 and the female keys 30 also return to their neutral positions out of 
engagement with the formed part 10 allowing sufficient clearance for the formed part 10 
to be stripped from the mold 14 without interference while maintaining the shape of the 
reverse draft or undercut 12. 

What has been described are mechanically driven form keys 28 and 30 that allow 
for undercuts 12 to be thermoformed into foam parts 10 using matched metal molds 14. 
This structure allows the foam part 10 to be stripped from the mold 14 without damage to 
the undercut 12 or having the part 10 hang up in the mold 14 thus allowing for a 
continuous thermoforming process. This allows the design of different closure designs in 
foam parts. As previously noted, the present invention may also be used in a 
thermoforming process using non-matched metal molds. 

Another embodiment of the invention is illustrated in FIGS. 5-7. Referring 
initially to FIG. 5, a matched tooling or mold 114 in the open position. The mold 114 
includes a male plug 116 and a female cavity 118. A foam sheet 120 that is to be 
thermoformed is located between the male plug 116 and the female cavity 118. The male 
plug 1 16 is secured to a lower mounting plate 122 and the female cavity 1 18 is secured to 
an upper mounting plate 124. As the upper mounting plate 124 and the lower mounting 
plate 122 are brought together, the foam sheet 120 is thermoformed into a shape 
conforming to the male plug 116 and the female cavity 118. 

In order to form a reverse draft or undercut in the product formed by 
thermoforming the foam sheet 120, a female form key assembly 126 is mounted in the 
male plug 116 and a male form key assembly 128 is mounted in the female cavity 118. 
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The female form key assembly 126 includes a female form key 130 that is attached to a 
first fluid driven piston 132. The male form key assembly 128 includes a male form key 
134 that is attached to a second fluid driven piston 136 by a connecting member 148. 
When the mold 114 is closed (FIG. 6), the male form key 134 and the female form key 
130 are actuated moving the male form key 134 into an undercut surface 138 in the 
female form key 130. 

The thermoforming process begins by closing the mold 114 on the foam sheet 
120. Once this occurs, a signal is sent to a valve 140, such as a solenoid valve, opening 
the valve 140. Opening the valve 140 allows fluid which may be pneumatic or hydraulic 
held under pressure in a tank 142 to enter channels 144 and 146 moving the first fluid 
driven piston 132 and the second fluid driven piston 136 forward. At the same time fluid 
on the other side of the first fluid driven piston 132 escapes through channel 152 to a 
reservoir 150 and fluid on the other side of the second fluid driven piston 136 escapes 
through channel 152 to the reservoir 150. As the first fluid driven piston 132 and the 
second fluid driven piston 136 each move forward, the female form key 130 and the male 
form key 134 move toward each other with the male form key 134 entering the undercut 
surface 138 forming a reverse draft 160 (FIG. 7) in the thermoformed part 156. 

At the completion of the formation of the reverse draft or undercut 160 in the 
thermoformed part 156, the fluid flow into reservoir 150 is reversed in response to a 
signal from a timer 154 retracting the first fluid driven piston 132 and the second fluid 
driven piston 136 and the mold 1 14 is opened (FIG. 7). As can be seen in FIG. 7, as the 
mold 114 starts to open, the female form key 130 and the male form key have been 
retracted allowing clearance for the formed part 156 to be stripped from the mold 114 
without any interference. 

The fluid drive form keys 130, 134 are interchangeable with the mechanically 
driven form keys 28, 30 through the use of a female drive pin 200. The female drive pin 
200 corresponds to the second drive pins 44 (FIGS. 2-4). By replacing the female fluid 
drive form key assembly 126 with the female form keys 30 and their related structure, the 
female drive pin 200 will actuate the female form keys 30 in a manner similar to the 
second drive pins 44. 

While the present invention has been described with reference to the particular 
embodiments illustrated, those skilled in the art will recognize that many changes and 
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variations may be made thereto without departing from the spirit and scope of the present 
invention. The embodiments and obvious variations thereof are contemplated as falling 
within the spirit and scope of the claimed invention, which is set forth in the following 
claims: 
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